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ABSTRAK 
 Risiko kebolehcapaian dan risiko alam sekitar unsur nadir bumi (REE) dan logam 
berat dalam sedimen akuifer daripada sisa buangan industri baru-baru ini, Sisa-sisa 
Pelupusan Bahan-Bahan Lynas (LAMP), Gebeng, Pahang, Penyucian Bersih Air (WLP) 
dan Pengaliran Bersih Residu (NUF) yang dikenali sebagai Magnesium Rich Synthetic 
Gypsum (MRSG) disiasat sebagai penilaian terhadap kelakuan larut. Tujuan utama kajian 
ini adalah untuk mengenalpasti sifat pelarut tanah laterit dan MRSG yang dipinda tanah 
di bawah ujian lajur dan ujian penyatuan larutan dan membandingkan kepekatan unsur 
dengan Prosedur Penyulingan Ciri Ketoksikan (TCLP) dan Standard Kualiti Air 
Minuman Negara (NWQS). MRSG sangat mendapat permintaan dalam industri yang 
digunakan untuk tujuan aplikasi tanah. Penggunaan bahan-bahan ini berlebihan di tanah 
menyebabkan pemobilisasi logam dari matriks tanah dan penyusupan selanjutnya ke air 
bawah tanah. Pelepasan cecair yang tercemar yang mengandungi kepekatan logam berat 
yang tinggi yang dilepaskan dari petak tanah yang mendasari akan menyebabkan 
kerosakan alam sekitar yang serius. Ujian larut resap biasanya digunakan untuk menilai 
potensi pelupusan bahan toksik dan memahami kelakuan larut. Kajian-kajian ini 
dilakukan dengan menganalisis kepekatan unsur oleh Spektrometri Massa Plasma (ICP-
MS). Keputusan eksperimen menunjukkan bahawa kepekatan magnesium menjadi lebih 
tinggi apabila laterit bercampur dengan WLP dan NUF. Diikuti oleh 524.9 mg / l untuk 
condisoil 1: 2: 7, 911.9 mg / l untuk condisoil 1: 3: 6 di bawah 6.2 kPa manakala di bawah 
1589.8 kPa kepekatan meningkat sebanyak 508.3 mg / l kepada 1011 mg / l dalam 
kondisoil. Keputusan yang direkodkan kepekatan unsur dalam ujian Penyatuan Larutan 
lebih tinggi berbanding ujian larutan Lajur. Dari keseluruhan kajian, semua unsur 
kepekatan pencemaran berada di bawah garis panduan had TCLP. Walau bagaimanapun, 
kepekatan unsur magnesium, aluminium, kromium dan nikel didapati melebihi had yang 
ditetapkan oleh NDWQS. 
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ABSTRACT 
 The leachability and potential environmental risks of rare earth element (REE) 
and heavy metal in aquifer sediments from the recent industrial by-product waste of 
Lynas Advanced Materials Plan (LAMP), Gebeng, Pahang, Water Leached Purification 
(WLP) residue and Neutralization Underflow (NUF) residue as known as Magnesium 
Rich Synthetic Gypsum (MRSG) were investigated as assessment of leaching behavior. 
The main purpose of this study is to determine the leaching characteristic of laterite soil 
and MRSG amended soil under column test and oedometer test and comparing elements 
concentration with Toxicity Characteristic Leaching Procedure (TCLP) and National 
Drinking Water Quality Standard (NDWQS). The demand for MRSG is highly increased 
for land application purposes. Excessive usage of this materials on land may cause metal 
mobilization from the waste and subsequently infiltrated and polluted groundwater. 
Leaching of contaminated liquid containing high concentrations of heavy metals release 
from underlying groundwater will causing serious environmental damage. Leaching test 
are commonly used to assess the leaching potential of toxic substances and understand 
leaching behavior. Tests were carried out to analyse the element concentration using 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Experimental result 
demonstrated that magnesium concentration increased when laterite was mixed with 
WLP and NUF, followed by 524.9 mg/l for 1:2:7, 911.9 mg/l for 1:3:6 mixture under 6.2 
kPa while under 1589.8 kPa concentration increased by 508.3 mg/l to 1011 mg/l, 
respectively. The result recorded element concentration in oedometer leaching test were 
greater compared to columns leaching test. Overall, all element of concentration of 
contaminants were below the guideline of TCLP limit. However, element concentration 
of magnesium, aluminium, chromium and nickel were found exceed the limits set by 
NDWQS. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background of Study 
Lynas Advanced Material Plant (LAMP) is the world's largest rare earth 
processing plant. LAMP is located in Gebeng Industrial Center, Kuantan Pahang. The 
extraction process of rare earth materials has resulted in two major residues: Water Leach 
Purification (WLP) and Neutralization Underflow Residue (NUF), each at 64000 tonnes 
and 135000 tonnes per year (Lynas, 2018). This material, also called Mg Rich Synthetic 
Gypsum (MRSG). In addition, the WLP and NUF are also rich in other elements such as 
gypsum and magnesium that can be used in agriculture for the improvement of soil 
quality. In order to leverage this material as soil conditioner, a study has been conducted 
to explore the potential use of this ancillary waste in agriculture. A new substance named 
Condisoil was produced through a mixture of WLP, NUF and organic filler. Condisoil is 
suitable for soil trimming and soil improvement in the agricultural industry because it is 
rich in nutrients needed in plant growth. The Condisoil composition consists of 10% 
WLP, 20% NUF and 70% other laterite matter. When these components are mixed, 
Condisoil should contain a natural radionuclide concentration to the background level or 
lower than the 1000 Bq kg-1 limit value allowed by the Atomic Energy Licensing Board 
(AELB). This allows Condisoil to be categorized as non-radioactive material (Aznan et 
al., 2018). 
At that time, the product was called Phosphogypsum (PG) derived from lynas 
residues because the name Condisoil was not yet used and had yet been trademarked. The 
amount of PG recommended for amending agriculture soils varies between 500 and 
1000kgha−1 (Mays et al., 1986). Therefore, and based on the announced benefits of PG 
to increase crop yields more recently, and only based on 226Ra limits (Borges et al., 
2013) or on total metal concentrations considered individually (Hwaiti et al., 2010), PG 
2 
from Brazil and Jordan, respectively, were recommended for fertilization purposes and 
as a soil conditioner. Excessive usage of agrochemical fertilizers and soil amendments 
were randomly applied on agricultural fields causing metal remobilization from the soil 
matrix and subsequent infiltration to groundwater (Atafar et al., 2010; Zang and Shan, 
2008). Furthermore, the demand for more landfills and industrial waste disposal sites also 
increased (Leao et al., 2004; Younes et al., 2015). Subsequently, such studied can allow 
the assessment of the effect of the various elements on fauna and flora, and their possible 
leachability to groundwater (Zhao et al., 2009). The radioactivity and the occurrence of 
leachable metals represent a potential danger for its application, particularly in agriculture 
(Al- Hwaiti and Al- Khashman, 2015; Ammar et al., 2016; Elloumi et al., 2015). 
Bauxite is the most important raw material for the production of aluminium and 
is a natural weathering product of alumina-rich rocks, consisting mainly of one or more 
aluminium hydroxide minerals and depending on the precursor rock, a mixture of quartz, 
iron oxides, TiO2- polymorphs and alumosilicates (Hill and Sehnke, 2006). Commonly, 
bauxite is divided into lateritic and karst bauxite, where lateritic bauxite is underlain by 
alumosilicate rocks and comprise about 90% of the world’s bauxite reserves (Freyssinet 
et al., 2005). Lateritic soils are one of important soils and widespread in tropical areas 
and subtropical climates. The significant features of the lateritic soils are their unique 
color, poor fertility, and high clay content and lower cation exchange capacity. In 
addition, lateritic soils possess a great amount of iron and aluminium oxides (Shaw, 
2001). Iron oxides, existing mainly in the amorphous and crystalline inorganic forms, are 
one of major components in many soil orders. 
 Assessment of the leachability of toxic substances from contaminated soils is 
crucial for evaluating their environmental impact on soil and groundwater. Leaching test 
are commonly used to assess the leaching potential of toxic substances and understand 
leaching behavior. Several standard column leaching tests (ISO/CD 21268 – 3, 2017; 
DIN 19528, 2009; US EPA Method 1314, 2013) enable contact between contaminated 
soil and flowing leachant and are used to indicate the leaching behavior of target 
substance under simulated field conditions. Soil column leaching studies, performed 
under controlled conditions, can help in understanding the behavior of certain elements 
or compounds in a defined area (Alvarez, 2007; Arfania and Asadzadeh, 2015; 
Maszkowska et al., 2013).  
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In this study, the leaching behaviour includes the analyses of chemical 
contaminants of core samples and samples collected from waste process within a process 
of lanthanide concentrate that rich with Rare Earth Element (REE).  The leaching rate as 
well as the overall REE and elemental recovery values were used as response variable to 
assess the potential for land application.    The contributes to environmental policy design 
by Toxicity Characteristic Leaching Procedure (TCLP) and National Drinking Water 
Quality Standard (NDWQS), the examining issues pertinent to laterite and waste residue 
and its environmental impact toward soil and groundwater. 
1.2 Problem Statement 
 MRSG is waste by-product that is highly increased demand in industrial used for 
land application purposes. The components of MRSG including rare earth elements, 
heavy metal and radionuclides were included in chemicals of concern list as toxicity. 
Several other elements were present as impurities. This metal needs to be monitored when 
MRSG is on land applied. Excessive usage of this materials on land may cause metal 
remobilization from the soil matrix and subsequent infiltration to groundwater. The 
radioactivity and the occurrence of leachable metals represent a potential danger for its 
application, particularly in agriculture. Leaching of contaminated liquid containing high 
concentration of heavy metals release from underlying soil compartments will causing 
serious environmental damage. Leaching test are commonly used to assess the leaching 
potential of toxic substances and understand leaching behavior. Assessment of the 
leachability of toxic substances from contaminated soils is crucial for evaluating their 
environmental impact on soil and groundwater. Thus, the leaching characteristic of 
laterite soil and its mixture with MRSG were determined by oedometer leaching test and 
columns test. Then the elements of contaminants content were analyzed by Inductively 
Couple Plasma Spectrometry (ICP-MS). 
1.3 Research Objective 
 The objective of this research were as follows:  
(i) to determine the leaching characteristic of laterite soil and its mixed with 
Magnesium Rich Synthetic Gypsum (MRSG) using soil residue from Lynas 
Advanced Material Plant (LAMP), Neutralization Underflow residue (NUF) 
and Water Leached Purification residue (WLP)  
52 
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